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Respiratory Rate Measurement in Children Using a 
 Thermal Imaging Camera 
 
Farah AL-Khalidi1, Heather Elphick2  , Reza Saatchi3,    Derek  Burke2 
 
Abstract— Respiratory rate is a vital physiological measurement used in the immediate assessment of unwell children. Con-
venient electronic devices exist for measurement of pulse, blood pressure, oxygen saturation and temperature. Although de-
vices which measure respiratory rate exist, none has entered everyday clinical practice. An accurate device which has no 
physical contact with the child is important to ensure readings are not affected by distress. A thermal imaging camera to moni-
tor respiratory rate in children was evaluated.  
 
Facial thermal images of 20 children (age: median=6.5 years, range 6 months-17 years) were included in the study. Record-
ings were performed while the children slept comfortably on a bed for a duration of two minutes. Values obtained using the 
thermal imaging camera were compared with those obtained from standard methods: nasal thermistor, respiratory impedance 
plethysmography and transcutaneous CO2.  
 
Median respiratory rate measurements per minute were 21.0 (range 15.5-34.0) using thermal imaging and 19.0 (range 15.3-
34.0) using standard methods. A close correlation (r 2 = 0.994) was observed between the thermal imaging and the standard 
methods. 
 
The thermal imaging camera is an accurate, objective non-invasive device which can be used to measure respiratory rate in 
children.  
 
      Keywords:  respiratory rate measurement, thermal imaging, non-contact patient monitoring. 
——————————
      —————————— 
1 INTRODUCTION                                                                     
very year many people die because their deteriorating 
physiological condition is not recognised. This is fre-
quently because their vital signs, particularly respiratory rate 
(RR), are not monitored properly. RR is a vital physiological 
measurement [1] used in the immediate assessment of un-
well children. It is used as a predictor of serious deteriora-
tion in a child's clinical condition [2]. Convenient electronic 
devices exist for measurement of pulse, blood pressure, oxy-
gen saturation and temperature. Although devices which 
measure RR exist [3], none has entered everyday clinical 
practice. In children, their major limitation is a requirement 
for body contact which can be distressing and lead to in-
creased RR.  
Manual nursing assessments continue to be the mainstay of 
triage evaluation of RR in the emergency department. Such 
assessments are subjective and data more often missing 
compared to the other physiological parameters. During the 
last 10 years, nursing workload, particularly the administra-
tive aspects, has increased greatly and since current methods 
for measuring RR are time consuming, this may be one   
why frequency of measurement of RR has not improved. A 
number of studies [1,4-6] have found significant variance in 
the recording of physiological variables. 
 
In 2007, an audit of feverish children against the NICE 
E 
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standard in the emergency department revealed that RR was 
only recorded in 58% of children on arrival [7]. This finding 
was consistent with triage (a sorting method for rapidly 
identification of patients with potentially or immediately 
life-threatening problems) data subsequently examined. Of a 
total 1231 severely unwell patients, 83.5-86.7% had data rec-
orded for temperature, pulse and SpO2 measurements but 
only 70.3% had RR measurements recorded. In a subgroup 
with respiratory illness, 93.8-96.7% had data recorded for 
temperature, pulse and SpO2 measurements but only 86.4% 
had RR measurements recorded. 
National Evidence in the UK supports these findings. The 
Trauma Audit and Research Network (TARN) database [8] 
comprises trauma outcomes collected nationally and is used 
to assess potential improvements in clinical practice. A 
number of problems with the recording of physiological, 
particularly RR data have been highlighted. A key finding of 
the Report of the National Confidential Enquiry into Patient 
Outcome and Death [9] was that of inpatients who had been 
in hospital >24 hours prior to ICU admission, 66% exhibited 
physiological instability for >12 hours, i.e. deteriorating 
physiological parameters act as markers of increased mortal-
ity rate. RR was infrequently recorded and the Report explic-
itly states that the importance of RR should be highlighted 
and “recorded at any point that other observations are being 
made.” Such recommendations have led to the development 
of tools such as the Paediatric Early Warning Tool (PEWS) 
[10]. 
The importance of these findings is suggested by the rec-
ommendation of monitoring of physiological parameters 
including RR in NICE guidance [11,12] and Resuscitation 
Council documents to aid identification of the seriously ill 
patients. It has become increasingly recognised that respira-
tory or cardiac arrest is often preceded by a period of phys-
iological deterioration [13]. Further evidence from adult lit-
erature indicates that RR is the most important predictor of 
cardiac arrest [14]; is better than pulse or blood pressure in 
discriminating between stable patients and those at risk[15]; 
and has a high correlation with mortality rate [16]. There is 
good evidence to show that if this deterioration is detected at 
an early stage, in many cases it can be halted by therapeutic 
interventions [2]. Definitive treatment may then be instituted 
to deal with the underlying cause, thus preventing deteriora-
tion to cardiorespiratory arrest [17]. 
 
Devices for monitoring RR have been developed but many 
provide only an estimate of breathing rate due to the com-
plexities associated with measuring this physiological pa-
rameter [3]. Conventional methods commonly require phys-
ical contact with the patient’s body. These include nasal or 
oronasal thermistor which measures changes in the tempera-
ture of exhaled air [18], air pressure transducers [19,20], ex-
haled CO2[21], respiratory sounds analysis[22,23] and im-
pedance plethysmography[20,24]. 
 
Respiratory rates can also be derived from the ECG [25-27]. 
These methods have limitations including sensor displace-
ment, deadspace caused by requirement for facemasks and 
alterations in RR itself caused by the attachment of a sensor 
to the subject. 
For the rapid assessment of children required in the emer-
gency department, noncontact methods have been consid-
ered [28]. In addition to the limitations of contact methods 
described there are also hygiene and cost advantages in that 
the device is reusable. Ultrasound [29,30], radar [31],  mi-
crowave [32,33], video image processing [34] optical image 
processing and thermal image processing are all approaches 
that have been used to facilitate noncontact respiration mon-
itoring. A thermal imaging method using a focal plane array 
for a long-wave infrared (6-15 μm) sensor has been devel-
oped by Chekmenev et al. [35] to measure temperature 
changes around the neck, carotid vessel complex, and the 
nasal regions. ECG and the respiration rate signals were ex-
tracted from the recorded images by performing wavelet 
transform. An infrared imaging based respiration rate moni-
toring using is also reported by Zhu et al. [36], in which a 
tracking algorithm that could follow facial, respiration relat-
ed features was developed. 
 
 
In this study, a thermal imaging camera was used to com-
pare RR reading from children with conventional methods 
to determine its accuracy. In order to produce a respiration 
signal, a method to automatically track the temperature of 
the skin surface  centred on the tip of the nose (respiration 
“region of interest”, ROI) in facial thermal images was de-
veloped. 
 
2    METHODS 
Twenty children were enrolled for the study at Sheffield 
Children’s NHSFT after obtaining the necessary Ethics ap-
proval. The parents of the children were appropriately in-
formed of the nature of the study and consented for their 
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children’s data to be used in the study. All children were in-
patients undergoing polysomnography studies as requested 
by their physician, and thermal imaging recordings were 
carried out in parallel with the standard respiration monitor-
ing methods. All recordings were performed with the chil-
dren resting comfortably in a bed. Some children were 
awake during the recordings while others were asleep. 
Therecording room temperature was about 25°C. The dura-
tion of each thermal imaging recording was two minutes. 
Standard methods used were nasal thermistor, respiratory 
inductance plethysmography (RIP) bands to detect thoraco-
abdominal movement and transcutaneous CO2. All of the 
standard methods require at least one sensor which is in di-
rect contact with the child. Channels for all three methods 
were integrated for polysomnography to the ALICE 5 
(Respironics). Analysis of respiratory rate using each of these 
methods was carried out by manually selecting the two mi-
nute epoch which coincided with the thermal camera record-
ing time. Where more than one contact method was used, 
the method giving the clearest respiratory rate signal was 
selected. Because each of these methods only produced a 
respiration signal, not a respiratory rate, the respiratory rate, 
the number of observed respiration cycles was counted 
manually from the signals. 
 
An advanced thermal camera (FLIR A40) that has a thermal 
sensitivity of 0.08°Kelvin was used for the study. The camera 
was fixed on a tripod in front of the child at a distance of 
about one meter. The camera settings were: emissivity 0.92°, 
reflected temperature 15°C and relative humidity 50%. Im-
ages were recorded at 50 frames per second. This produced 
6000 thermal images over the two minute duration (i.e. 120 
seconds x 50 images). The recorded images were processed 
off-line using the Matlab image processing toolbox. The res-
piration “region of interest” (ROI) tracking method de-
scribed by Al Khalidi et al [37] was used and refined to ac-
commodate head movement during recording. 
 
A median lowpass filter of size five was used to reduce un-
wanted noise. The images were thresholded to separate the 
child's head from the image background. This operation was 
performed by considering the facial temperature distribu-
tion. The temperature of the image background was relative-
ly lower than the temperature of a subject’s head. A suitable 
threshold was 30 °C, and therefore this operation was per-
formed as, 
 
 
 
Where f(x,y) and g(x,y) represent image pixels prior and af-
ter the thresholding operation respectively. 
The Prewitt edge detection scheme [38] was used to identify 
the boundary of the subjects’ heads in the thresholded imag-
es. The Prewitt masks were: 
 
 
 
 
 
 
The masks were convolved with the images. Fig.1 shows an 
example of a subject’s boundary obtained by performing this 
operation. 
In order to select the image area covered by the subject’s 
face, an ellipse was automatically superimposed on the fil-
tered images by the developed software. The location and 
size of the ellipse were determined as follows 
 
 
Fig. 1.  Detection of the subject's head boundary from the image 
background. 
  The highest (xmax) and lowest (xmin) pixels' locations of 
the head boundary in the vertical direction were identi-
fied and the centre between these two locations (x0) was 
determined.  Centred at x0, the head boundary points in the horizon-
tal direction were identified, providing ymin and ymax. 
Then, the centre (y0) between ymin and ymax was calcu-
lated.  The diagonals of the ellipse (i.e. 2a and 2b) were deter-
mined, where a and b werecal culated from x0, and y0 to 
xmin and ymin respectively.  The position of the ellipse on the filtered images was 
then determined by the software using the ellipse equa-
tion, 
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 Fig.2 shows the position of the ellipse on an image. 
 
 
 
 
 
 
 
 
 
 
Fig. 2.  The position of the elliptical boundary superimposed on the fil-
tered thermal image. 
 
Initially the image area enclosed by the ellipse was scanned 
to identify the warmest and coolest region. This was to aid 
selection of the area most affected by respiration through the 
nose especially when there were large head movements. The 
warmest region corresponded to a small area between the 
bridge of nose and the inner of an eye. The coolest region 
corresponded to an area centered on the tip of the nose. A 
circle was placed on the identified coolest region in such a 
way that it covered the tip of the nose and the upper lip. The 
circled region, the “region of interest” (ROI) was then used 
to obtain respiratory signal. This region was first divided 
into eight equal concentric segments as shown in Fig.3.  
 
 
 
 
 
 
 
 
 
 
Fig. 3.  The respiration region of interest (a) its position centred on the 
tip of the nose, (b) its eight concentric segments 
 
This allowed for a more detailed temperature analysis. The 
pixel values within each segment were averaged to obtain a 
single value representing that segment. The process was re-
peated for each of the 6000 images recorded from each sub-
ject. The averaged pixel values of the eight segments were 
then separately plotted against time to produce eight respir-
atory signals. In order to determine the respiration rate au-
tomatically, the respiration signals were digitally filtered 
using a 5th-order Butterworth filter with cut-off frequency of 
1 Hz. This cutoff frequency was sufficiently low for the res-
piration signal to be smoothed for further processing. It was 
sufficiently high to allow 60 cycles per minutes to be detect-
ed. The peak-to-peak time interval of each respiration cycle 
(T seconds) was determined by the software. The respiration 
rate (in cycles per minute) was then determined by first pro-
ducing an average of respiration cycles. Then, the reciprocal 
of this value was multiplied by 60 to obtain respiration rate 
in cycles per minute. This process is illustrated in Fig.4. 
 
 
 
 
 
 
 
 
 
Fig. 4.  A schematic diagram illustrating a respiratory signal, (b) and 
its filtered version to allow determination of respiration cycle 
(T). 
 
The method described above did not identify the mouth re-
gion as the area for respiration rate analysis. This is because 
the algorithm used to find the tip of the nose (coolest facial 
area) first detected the warmest facial area and then scanned 
for the coolest area beneath it. Therefore, in these subjects the 
mouth region was initially tracked manually. 
 
However, practical observations showed that this method 
was not robust when there were head movements. 
Therefore, this tracking algorithm was modified to deal 
with its limitations. 
The procedure to track the mouth region manually started 
by identifying the subject’s boundary in each image as an 
ellipse by using thresholding technique and Prewitt 
operator as described before. The centre of the mouth was 
determined manually in the elliptical area of the reference 
image and then the distance from this centre to the 
outermost edge pixel in both the X and Y directions of the 
elliptic was determined. 
The mouth region was extracted from the outermost edge 
pixel for each image. This process was applied to patients 
of five, seven and eight who breathed via the mouth table . 
A circle was placed centred on the mouth.. The circled area 
represents the ROI for extracting the respiratory signal. The 
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same process above was applied to the ROI by divided it into 
eight equal segments and the signal was extracted for each 
part. 
The correlation between the thermal imaging method and 
one of the standard respiratory monitoring methods was 
obtained by calculating the correlation coefficient (r2). 
 
3   RESULTS 
 
Of the 20 children included in the study 16 breathed 
through the nose and the remaining 4 breathed through 
mouth. As the algorithm described in this paper to 
automatically locate the nasal area as well as work well 
when children breathed through the mouth. The median 
age was 6.5 years (range 6 months-17 years). 
Table 1 shows demographic details and respiratory rates 
for the 20 children included in the in the analysis obtained 
using thermal imaging against those obtained from the most clear 
contact method for each child. Median respiratory rate measure-
ments per minute were 21.0 (range 15.5-34.0) using thermal im-
aging and 19.0 (range 15.3-34.0) using standard methods. The 
correlation between the thermal imaging and the standard meth-
ods was r2 = 0.994 (fig 5). 
Fig. 5.  A plot of respiration rate obtained using thermal imaging 
against respirationrate obtained using a contact method. 
 
4  DISCUSSION 
 
In this study a thermal imaging based method to 
automatically monitor respiratory rate by measuring skin 
surface temperature centered on the tip of the nose was 
evaluated. There was a close correlation between the values 
obtained using thermal imaging and those obtained using 
conventional contact methods. The study indicated that 
thermal imaging was effective for monitoring respiration. 
The main advantages of thermal imaging respiration 
monitoring are that it is noncontact and gives respiratory 
rate automatically. 
 
TABEL 1.  Demographic details and respiratory rates using thermal imaging and 
standard methods 
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Counting respiratory rate is a core skill of clinical staff, as is 
counting pulse rate and measuring blood pressure. The 
latter two skills have been replaced by technology in recent 
times, in recognition of the understanding that humans are 
subject to error. The aim of this study was to evaluate a 
device that could potentially be used to measure 
respiratory rate in the Emergency Department triage room 
where a rapid method of assessment is needed in order to 
pick up those children who are seriously ill. 
Currently this assessment is done with a history and basic 
examination by an experienced nurse, followed by an 
assessment of physiological parameters. We have 
previously demonstrated using triage audit data that those 
parameters that are measured using a machine have a 
higher compliance rate for measurement (7). We have also 
demonstrated that even experienced staff report 
assessment of respiratory rate to be difficult and time-
consuming. Given that at peak times there may be more 
than 20 patients per hour requiring rapid assessment, we 
believe that an automated system is preferred. 
There is substantial evidence from the published literature 
and evaluation of national data that changes in RR can be 
an early indicator of imminent clinical deterioration both in 
children and in adults (14-17). Worldwide, RR is the single 
physiological variable measured to diagnose pneumonia, 
the leading cause of death in children [39]. 
From these publications we have extrapolated that early 
clinical deterioration may be overlooked if RR 
measurements, and in particular changes in measurements 
over time, are not accurately recorded. 
Thermistor and impedance bands are the current gold 
standard techniques in measurement of respiratory rates 
and patterns in children undergoing polysomnography 
[20]. The primary limitation of these techniques is the fact 
that they are in contact with the child. In an acute setting 
such as the Emergency department, this will cause distress 
and therefore distort results. We have shown nursing 
manual evaluations to be inconsistent and in 42% children 
on arrival in triage, no measurement was documented. This 
fails to meet current NICE standards and we consider it 
unacceptable in clinical practice. Whilst devices cannot 
replace the clinician’s evaluation, devices are used to 
document other physiological measurements such as pulse 
rate and temperature and we believe that an accurate 
noncontact device is needed to overcome the limitations of 
the existing techniques. 
There are some limitations to the analysis methods used in 
this study however, and further work is needed to refine 
the process. An example of the respiration signal obtained 
from a child using the thermal imaging camera is shown in 
Fig.6. 
The signals from the segments 1, 2, 3, 4 ,7 and 8 are more 
recognisable than those from the remaining segments. This 
is because either the corresponding areas were affected 
more by respiration or the areas were more clearly detected 
by the camera. The respiration rate from segments 1, 2, 3, 7 
and 8 was 26.8 cycles per minute.  
Fig. 6.  Respiration signals obtained using thermal imaging. The signals 
obtained from the respiration region of interest segments 1 to 8 
are shown from top to bottom respectively. 
 
 
Fig.7 shows the respiration signal produced by averaging 
pixel values from all eight segments of the identified 
respiration region of interest.  
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Because some segments do not provide a well defined 
respiration signal, averaging pixels across all eight 
segments can produce a distorted respiration signal. 
 
 
 
 
 
Fig. 7.  A plot average temperature for the complete respiration 
 region of interest containing all the eight segments 
 
Fig 8 shows the variation in respiratory rate over a period 
of 120 seconds, as determined by averaging the signals 
within a window containing five successive respiration 
cycles, and then repeating this calculation by moving the 
window forward by one cycle. This suggests that 
respiratory rate measurements should be calculated over a 
long period in order to obtain an accurate value. 
 
 
 
Fig. 8.  An example of variation in respiratory rate using a running aver-
age. 
 
There are a number of issues that require further 
development. The processing was off-line due to the extent 
of image processing involved. Further work on optimizing 
the image and signal processing will enable measurements 
to take place in real time. 
There were further issues with signal detection including 
mouth breathing, during large head movements or when 
subjects wore glasses. Again, further improvements are 
currently being sought to deal with these limitations. A 
customized, portable, inexpensive device for measurement 
of respiratory rate is under development 
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